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mh{ntq_{*ﬁ and Air-Moving Deviees

“Nea" Magnets Can Add Value to Motors

MNeadymium-iron-boron (Nea) can be used in place of fernite magnets i
improve the power density of 2 4.c. moedor, while simplifing its manufacture,

Traditionally, small apphiances are drven by universal mators, but when
battery operation is required, better pawsr density and efficiency are achieved
il & permanent magnet field system is used. Until recently, though, these
mators have continued to use quite conventional technology, such as mechani-
cal commutator systerns and sinlersd ceramic fermte magnets. This articl
destribes an improved magnet materizl thal is now supplanting ferrite and
IMustrates the cost and performance benefits to be gained.

Meadymium-iran-boron (Meo) is a permanent magnet alloy which inher-
ently has a much higher energy density than ferrite. This attribute, when cor-
rectly applied 1o a motor's design, can provide it with a better power density,
an improved moter efficizncy, or some combination of the two. Higher power
density can be wtilized 25 a greater output torque, reselting in 2 higher per-
formance device. However, it can also be used to make the mator 2 smaller,
lighter cornponent. OF course, battery lifte is a direct resull of the motor hav-
ing a higher efficiency via a lower current draw,

Optimum Utilization of Bonded Neo

The energy density of Neo is in fact so much higher than thal of ferite that it
tan afford to be diluted as it is consolidated from powder inte a permanent
magnet. [l is particulary versatile in bonded form, blended either with Nydon or
PPS into @ compound for injection-molding, or with eposy for comprassion-
malding, As demonsirated later in the article, boaded magnets offer particular
canstructional advantages within a small molas, compared to the sinfered
ceramic form inwhich ferrite 15 generally emplayed.

A typical construction for rator and stator of a conventional permanent
magnel appliance moter is shown in Figere 1, toaether with its cross-sectional
geametry illustrzted a5 a magnetic flu distribition which was caloulated at
rated autput using finite element analysis (FEA). This armature has the mini-
mur practical number of winding slots (five), the commutator being Lelow
this (and not wsible). The stator comprises the motor's housing, into which the
twn ceramic ferrite magnet arcs are glued; in some variations of this mator,
the magnats are attached using clips.

Regions in the FEA flux distribution in Figore 1 that are shown in red indi-
cate that magnetic saturation is accurring, in which case an increase in the
magnets” energy will nol provide the
supected motar performance bensfits.
Clearly, the critical regins in the mag-
netic circuit are the spokes of the
armature teeth and the housing (egui-
distant betwaen the magnet arcs). For
this reason, a “direct” substibution of a
bonded Meo magnet for these ceramic
ferrite arcs 15 possible, but usually not
recommended. Dptimum use of a
higher energy magnet first requires
adjustment to the outer radivs of the magnets (zlso the inner radius of the
housing), typically to reduze the magnets’ thickness while increasing the
hrusing's thickness. Secondly, the spokes of the amature testh may be
widened to accommadate extra flus, though the slots may then nead to be
reshaped 1o retain the space needed for the winding,

Choice of Magnetic Properties
Many small appliance mators are designad to run relatiely hot, and the can-

Figure 1. Retor amd stator of 3 d.c.
appliance motor, with FEA flux dis-
tribution at rated outout,
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sequent continuous operating lempersture of a bonded Neo magnet will
determine not only what binder must be used, but alsn the grade of Neo
powder thal can be emploved, Because ingredients must be added to
nesdymium-iron-baran fo stabilize it more than approgimately 1G0T, there is
a trade-off between a magnet's energy density and its aperating tempera-
ture. Caincidentally, this is about the same temperature above which a binder
such as PPS must be emplayed rather than Mylen, and it is unfortunate that
the mazimum loading achievable with FFS for injection-molding is somewhat
lovier than with Nylan; this, too, affects the energy density of the magnet,

The mezsure of a permanent magnats magnetic parformance is demon-
strated by a pair of demagnelization charzctenstics, which plot its flux density
(B} and magnetization (B — H) against its magnetiding force (H), The flux den-
sity that remaing when H=0 15 known as the remanence of the matenial, whila
the (dejmagnatizing force (- H that a material can withstand before its mag-
netization (B — H) is brought to zero is known &s its intrinsic coarcivity; these
paramelers are commonly wsed as figures of meril for 2 permanent magnet,

Figure 2 gives some sxamples of demagnetization characteristics, with the
upper cure of each pair being the magnatization (B — HI. and the lowar curve
being the fho density (B)

| i o
R e —— 1
1" 1 v |
. —s— - | 5o
= I= o=
- [ |/ =
1 i tam
_‘-’f | ;4 i g
- 1 I 2
s A —™ =
| 5 | e | @
¥ o |
..... I‘.-f ___5/__._, L
i B,
_t|_' — - Fd Ham
& t-’
i
————— e} - ';ll i L
00 Wi E ] o] L] L]
! H ierane
m-l--qu-ﬁmlnnm [ Y T . T
— e e e e weennded e

Figure 2. femagnetization eharacteristics of some bonded Neo maéiér materials.

Of the two injection-malded materials shawn in Figure 2, the “high rema-
nence Neo” will pravide the greatest imprevement bath in the magnet's flig and
in its energy density comparad to a canventional ceramic Territe fwhich has 2
typical remanence of 4,200 Gauss). To stabilize injection-malded Neo for apera-
tion mare: than apprazimately 160°C, the “high temperatura” Meo has a signifi-
cantly enliancad intrinsic coercivity provided by modifying its composition, but
this, together with the intraduction of PPS bindsr, slightly raduces the rema-
nence. The higher loading achieved for compression-malded Neo yvialds a sub-
stantial magnetic advaniage weer ceramic ferite, even at high temperature,
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Figure 3, Air gap flux density distritulions in appliance motor at rated sulpot.
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Figwre 4. Speed vs. torque curves fi o c. amniiance mofor using varions germa-
et magnel materials.

With the magnetic circuit moditied for optimum use of the higher energy
Ken materials, the resulting flug density can be raised significantly as shown
in Figure 3. These curves are plolted aver one pole pitch (180 degress) amund
the motor's air gap, and thay illustrate the effects of armature shots and a
demagnetization field at rated winding cument. If operation of the magnets at
temparatures of 160°C or mare b5 likely, then motor performance is clearly
enhancad by using injection-malded Nea over ceramic ferrite and by using
rompression-moelded aver injection-molded Neo, Howeves, if such high temper-
atures will not be reached, then selection of a high remanance Meo powder will
[tkely provide a significant enaugh performance improvement as an injection-
mlded companent.

Lower Cost Assembly with Bonded Neo

Wihether the ceramic farrite magnels in this motor are glued or retained by
clips within the hausing, this use of two individual magnet srcs represents an
unwarited element of assembly cost and a lack of structural integrity. Ay
bonded magnet solution clearty improves both of these factors and is an
added value provided by the Neo materials.

While bath injection- and compression-molded magnets can be provided as
individual arcs like ceramic ferrite, the mare common solution is to make them
as complete ring assemblies for direct mounting within the motar's hausing, A
comprassian-molded Mao ring can be pressed to it within the housing and
either glued or locked in place esing tabs. An atternative approach, which is
wiell suited to injection-malding, is & design in which 2 steed ring is ingert-
malded, allawing the Meo magnet material to be used only in the desired mag-
netic pole are regions, This ring component can then be fitted within the hous-
ing and meay also pravide the increased coss-sechonal area needed fo prewent
magnetic: saturation from occurring in the housing. OF course, the hausing
itself may be insert-molded. although in many cases either its dimensianal tol-
prances o its features provent this,

Improvements to the Motor's Power Density

Assuming that we are looking for the optimum use of a higher energy bonded
Mea magnet, bath the mator's housing and its armature teeth will be re-sized
to accommadate the extra flux. Becaosa of this, the motor torque constant (Kt)
will be greater than with ceramic ferite magnets, providing more output
targue per ampére of current, The winding resistance may also fall (fewer tums
af & slightly thicker wire), raising both the current and the torque, but this is
usually adjusted to provide the desired speed versus forque charactenistic far
the motor. Figure 4 shows these cunes on the basis of keeping no-load speed
abaut the same for all four magnet matesials, Look at any particular speed
thorizantal line), and notice haw the tergue increases significantly a3 addition-
al flux is provided by the bondad Meo magnets. a ratio of more than 2:1 from
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Figure 5. Efficiency vs. torque corves for oLe. applistce metor wshtg varions
permanent magnet materials.

ceramic ferrite to compression-moldad Neo,

Alternatively, it may be more desirable Lo utilize the edra flug to lower the
current draw and have a more efficient electric motor. The efficiency character-
istics are shown in Figure 5. and notice that any desired torgue (vertical ling)
i provided at a higher efficiency using the bonded Neo magnets. At rated out-
put, matar efficiency is impraved by more than 10 percent from ceramic ferrite
to compression-molded Neo. In most practical cases, if the higher energy
density of a bonded Nea magnet is to be used to improve motor performance,
the design will provide some combination of increzsed output tarque and
efficiency and a compromise between thess two parameters.

The preceding charzcteristics all relate to using ditferent magnets in simi-
lar-sized mofors. One other option 15 to ubilies the zain in power density to pro-
vide a moetar which is smaller and lighter, keeping its perfarmance largely
unchanged. A sharter stack length has the added benefit of reducing material
costs. The ceramic feerite version of this motor had a stack length of 48 mm,
which 15 successively reduced by redesign with higher energy banded Neo mag-
nels to kess than 34 mm in the case of compression-molded Meo (see Table 1),

Conclusion

These are several ways in which bonded Beo magnels can add value fo the
molors wsed in small appliances, The d.c. motor will have a grester power den-
sity, which can provide some combination of a higher efficiency, a lower current
draw, a higher output terque, and a reduction in sire; in turn, size may be
reducad via mator length, diameter, or some combination of thase twa,
Mearwhile, manulzcture of the stator and magnet assembly may b2 sim plified,
reducing this cost. What is clear is that the optimum benefits from bonded Nea
cannot be aitained by its “direct” substitution for ceramic ferrite, but can be
achieved with relatively minor redesign of the magnetic circuit componants.

This infarmation is provided by Br. Peter Campbell, vice president of Techrotogy, and
Anthany L. Morcos, senior serenlish, Magnequerch Inc., Research Tianle Park, NC.

Circle Mo, 114

" Magnet Type

Stack Length
| Ceramic Ferrite 48.0 mm
High Temperature Injection-Molded Neo 39.2 mm
High Remanence Injection-Molded Neo 36.9 mm
High Temperature Compression-Molded Heo 33.8 mm

Table 1. Reduction in stack fangth by ie. appliance motor using vanions
honded Nea magret materials.

November 2000 (8 Appliance-European Edition 17






